[1] The Spectral Profiler (SP) onboard the Japanese SELENE (KAGUYA) spacecraft is now providing global high spectral resolution visible-near infrared continuous reflectance spectra of the Moon. The reflectance spectra of impact craters on the farside of the Moon reveal lithologies that were not previously identified. The achievements of SP so far include: the most definite detection of crystalline ironbearing plagioclase with its characteristic 1.3 mm absorption band on the Moon; a new interpretation of the lithology of Tsiolkovsky crater central peaks, previously classified as ''olivine-rich,'' as mixtures of plagioclase and pyroxene; and the lower limit of Mg number of low-Ca pyroxene found at Antoniadi crater central peak and peak ring which were estimated through direct comparison with laboratory spectra of natural and synthetic pyroxene samples.
Introduction
[2] The Moon is the most intensively studied planetary body due to well-documented but limited numbers of returned samples. The synergy of the global composition constrained by remotely sensed data from previous spacecraft missions and ground truth data from returned samples and lunar meteorites has advanced our understanding of the lunar origin and evolution. For example, the five spectral bands of the US Clementine mission revealed a diverse crust stratigraphy and composition and indicated that the crust formation process was complex [Pieters and Tompkins, 1999a] . For more complete studies, detailed investigations of the mineralogy and lithology of the crust are necessary. Pyroxene and olivine, which are principal mafic minerals constituting the lunar crust, display characteristic absorption bands at around 1 and 2 mm, associated with Fe 2+ in the crystal structure [Burns, 1993] , and are keys to understanding the lithology. Fe-bearing plagioclase also exhibit a broad band near 1.3 mm. Thus, the global data set of reflectance spectra across the above spectral range is really crucial for mineral identification.
[3] The Japan Aerospace Exploration Agency's (JAXA's) SELENE (Kaguya) spacecraft was launched in September 2007 and is now conducting a one-year mission observing the Moon. The optical observation system called the Lunar Imager/Spectrometer (LISM) onboard SELENE includes the Spectral Profiler (SP) [Matsunaga et al., 2001] , Terrain Camera (TC) , and Multiband Imager (MI) . SP is a visible-near infrared spectrometer covering wavelengths from 0.5 to 2.6 mm with 296 channels with a small field of view (500 m footprint). It consists of one reflective telescope, two gratings, and three linear-array detectors. As SP global data accumulate, they will provide a powerful tool to determine the global lunar surface mineralogy and lithology. In particular, SP is the first instrument to provide continuous visible to near infrared reflectance spectra of both sides of the Moon. In this paper, we present the first scientific results of SP for the selected farside impact craters with central peaks.
SP Operation and Data Processing
[4] In its first six months orbiting the Moon, SP obtained pole-to-pole continuous dayside data. SP usually acquires a lunar surface spectrum every 364 msec or 550 m in the along-track direction. Due to slight time differences between exposures and the sampling interval, small gaps between measurements sometimes occur. SP data processing starts with the removal of the dark level followed by minor wavelength correction for each detector element. Preflight radiometric calibration coefficients are currently applied to obtain the radiance leaving the lunar surface. The stability of radiometric characteristics of SP has been monitored using internal calibration lamps.
[5] Remotely sensed lunar spectral reflectance data, such as acquired by Clementine and earth-based telescopes, were mostly calibrated against the reflectance spectra of Apollo 16 soil 62231 measured in the laboratory [Pieters, 1999; Pieters and Pratt, 2000] . The mineralogical interpretation and analysis of the lunar surface spectra greatly benefit from consistency with previous observations. Thus, SP reflectance spectra in this paper are all calibrated against the same Apollo 62231 soil. It must be noted, however, that the radiometric calibration for the longer wavelength region is still incomplete and that spectral data at wavelengths exceeding 2.2 mm are not presented in this paper. The locations of SP spectra are determined by, first, satellite position and attitude information as well as SP's line-ofsight vector data, and second, correlation analysis between SP spectra and simultaneously obtained TC or MI images.
[6] Reflectance spectra of the SP and earth-based telescopes achieve an excellent match for central peaks of Tycho and Copernicus and Mare Serenitatis (Figure 1 ) [Pieters, 1986] . Scaled SP spectra exhibit an almost monotonic increase from 0.5 to 2 mm due to space weathering [Pieters, 1986] . After dividing these spectra by a tangential linear continuum over the 1 mm absorption band, continuum-removed spectra of Mare Serenitatis and Tycho exhibit strong absorption features around 0.95 mm due to pyroxene, while that of Copernicus has a broader multiple band near 1.05 mm due to olivine. These results are consistent with similar results acquired at lower resolution using earthbased telescopes [Pieters, 1986] .
Plagioclase-Dominant Lithologies Observed by SP
[7] Plagioclase feldspar often has a broad absorption band around 1.3 mm. However, one of three olivine bands occurs around 1.25 mm, and Fe 2+ in the M1 site of pyroxene yields a 1.2 mm band for both ortho-and clino-pyroxenes [Klima et al., 2007a [Klima et al., , 2007b Noble et al., 2006] . It is a complex task to distinguish the relative contribution of each when a 1.2 to 1.3 mm band is commonly accompanied with deeper 1 mm absorption as seen in Figure 1 . Figure 2 contains the SP spectrum of the central peak of Jackson crater, whose continuum-removed spectrum shows a good fit to that of plagioclase measured in the laboratory with an absorption band at 1.3 mm [Pieters and Hiroi, 2004] . There has been a small number of lunar plagioclase spectra with a 1.3 mm band published so far [Hawke et al., 1985; Spudis et al., 1988; Hawke et al., 2003] . Among them, a spectrum obtained on the east wall of Kant crater using an earth-based telescope shows a clearest 1.3 mm band. However, its depth (%0.02) is much shallower than that of Jackson spectrum (%0.1). Therefore, this SP spectrum of Jackson is the most definite detection of a crystalline 1.3 mm absorption band of iron-bearing plagioclase on the Moon obtained by both earth-based and orbital spectrometers. In contrast to Jackson, the central peak of Daedalus exhibits a linear spectrum with little 1.3 mm band. Similar spectra were found at the inner rings of large basins on the nearside [Hawke et al., 2003] and at the central peaks of several nearside craters measured with low resolution telescopic spectra [Pieters, 1986] . The absence of ferrous absorption features might be explained by low FeO content below 0.1 wt% [Adams and Goullaud, 1978] , moderate to high shock pressures which disoriented the crystal structure [Adams et al., 1979; Bruckenthal and Pieters, 1984] , optical effects due to submicroscopic iron [Lucey, 2002] , or combinations of these. A comprehensive spectral data set is required to fully understand the relationship between the 1.3 mm absorption band and geologic conditions of plagioclase-dominated regions.
[8] Figure 3 presents another example of possible plagioclase-dominant lithology found at Tsiolkovsky. Tsiolkovsky is a conspicuous 185-km crater on the farside. The lithology of its central peak was examined using Clementine UV/Vis data [Pieters and Tompkins, 1999b] . Areas around the ridge crest with lower reflectance at 1 mm than those at shorter wavelengths were found and interpreted as possibly olivine-rich. However, the SP continuum-removed spectra reveal absorption bands around 0.97 and 1.3 mm at some locations within the central peaks of Tsiolkovsky, especially CP1 ( Figure S1 of the auxiliary material) .
1 This appears to be different from the earth-based Copernicus spectrum which exhibits characteristic olivine bands around 0.85, 1.05, and 1.25 mm. The most straightforward interpretation of the more complete SP spectra is that mixtures of plagioclase and small amounts of pyroxene of varying mixing ratios dominate the lithology for areas observed by SP although the possibility of sporadic occurrence of olivine cannot be excluded completely. Since pyroxene is more spectrally active than transparent plagioclase, even a small variation of its abundance would significantly change the spectra as seen in Figure 3 . In addition to Copernicus and Aristarchus studied by earth-based telescopes [Pieters, 1982; Lucey et al., 1986] , five craters were reported as possibly olivine-bearing craters based on Clementine UV/Vis images [Pieters and Tompkins, 1999b; Tompkins and Pieters, 1999] . These craters should be carefully investigated by SP to confirm the presence of olivine.
Low-Ca Pyroxene and Mg Number at Antoniadi
[9] A richest exposure of orthopyroxene around Antoniadi crater in the South Pole-Aitken basin (SPA) was identified using Clementine UV/Vis data [Pieters et al., 2001; Lucey, 2004] . SP spectra of Antoniadi crater central peak and the peak ring indeed indicate a distinct shorter wavelength than that of the nearby mare basalt containing abundant high-Ca pyroxene (Figure 4 ). For comparison, Figure 4 also presents spectra of synthetic Mg-Fe orthopyroxene samples [Klima et al., 2007a] and a natural bronzite sample from the Ogasawara Islands [Hiroi and Pieters, 1994] . SP spectra of the central peak and peak ring indicate very little 1.2 mm absorption band which severely limits the amount of Fe 2+ in the M1 site of pyroxene in a similar manner to the Ogasawara sample. This indicates that pyroxenes in these locations have almost all Fe in the M2 site, which, based on band centers, limits the Fs value of their . SP spectra of the central peak, the peak ring, and the mare deposit of Antoniadi crater (69.7S, 172.0W) in comparison with laboratory spectra of synthetic pyroxene [Klima et al., 2007a] and Ogasawara bronzite [Hiroi and Pieters, 1994] samples. (top) Reflectance spectra scaled to 1.0 at 0.75 mm and (bottom) the natural logarithms of continuum-removed spectra scaled so as to have equal absorption depths.
pyroxene to below 50. Note that space weathering might affect the depth of 1.2 mm band also. The 1 mm band shape of these SP spectra, near its minimum at 0.93 mm, most closely resembles a synthetic pyroxene of En 50 Fs 50. These points yield a lower limit of the Mg-number (Mg#) of Antoniadi as 50. Even if the central peak contains some high-Ca pyroxene, the true 1 mm band center of the low-Ca pyroxene component would not be longer than the apparent one. Therefore, this would not change the lower limit of Mg# estimated above. Among several empirical algorithms for deriving the FeO concentration from visible-infrared spectra, a method developed by Le Mouélic et al. [2002] yields the best results owing to its insensitivity to topographic shading [Lucey, 2006] . Applying this method to Antoniadi's spectra, we calculate the FeO concentration as 15 to 16 wt% on the central peak of Antoniadi. This is much higher than the 8 to 9 wt% by the Gamma Ray Spectrometer (GRS) onboard Lunar Prospector [Lawrence et al., 2002] . The discrepancy might indicate the presence of a large amount of ferroan orthopyroxene (50 < Mg# < 75) and/or olivine, which lowers the accuracy of Le Mouélic's method [Lucey, 2006] or target areas are too small for GRS application. Mg# higher than 50 and FeO concentration around 8 to 15 wt% indicate the presence of moderately ferroan and moderately mafic rocks. Furthermore, if Mg# > 75, which is suggested by the resemblance of SP spectra to Ogasawara bronzite and indicates less Fe in orthopyroxene, the volume fraction of orthopyroxene could be higher than those of Mg-suite rocks from the nearside. In such a case, Antoniadi's peak-ring system could be a large outcrop of the mafic-rich material rarely observed in Apollo samples and lunar meteorites. The pervasive noritic materials in the southern SPA [Pieters et al., 2001] would be explained by the excavation of this low-Ca pyroxene-rich material through the SPA forming event or the subsequent impacts inside SPA. The similar spectra of the peak-ring and central peak of Antoniadi provide important constraints on the crustal structures in SPA and the formation mechanism of the peak-ring structure.
Future Study
[10] Although SP is now providing new insights into lunar lithology, long-term integrated studies are required to address remaining issues such as a) the spatial distributions and origins of plagioclase with and without 1.3 mm band, b) the global distributions of ''olivine-rich'' areas that exhibit typical olivine spectral features and possible ultramafic minerals. These issues will be more fully investigated using a complete SP data set after one-year operation around the Moon. Also, the synergy with other LISM instruments, TC and MI, will significantly enhance the capability of LISM by combining detailed mineral information from SP, spatial distribution of minerals from MI, and topographic information from TC. Together with elemental composition data from gamma-ray and X-ray fluorescence spectrometers onboard SELENE and other lunar explorers, LISM data will give critical constraints on the origin and evolution of the Moon.
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